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HYPOXIC ZONES — The Looming Interface
Between Land Pollution and the Sea

NATHALIE WALKER: Today we are going to talk about hypoxia or
what 1s referred to as the “dead zone.” In January of 1993, our
organization (Earthjusticc Legal De¢fense Fund) petitioned EPA, on
behalf of eighteen environmental and fishing groups, to take some action
to deal with the dead zone. That has lead to the creation of a federal task
force on the issue and to the recent launch of a multi-disciplinary
assessment group that 1s charged with probing the causes of and the
potential solutions to the dead zone. We'll see. As I said, it was in 1995
that we asked EPA to take action, but we’re patient people. We're happy
that the infrastructure has been put in place, and we’re very happy that
folks like our speakers have been following the issue. We’re going to
start this morning with Dr. Nancy Rabalais. Dr. Rabalais 1s a protessor
at the Louisiana Universities Marine Consortium (LUMCON), where she
has been for the last fourteen years. She teaches marine science courses
at LUMCON and in the Department of Oceanography and Coastal
Sciences at LSU. She has a Ph.D. in Zoology and a Bachelors and
Masters in Biology. She has been studying hypoxic zones since 1985,
She is going to be talking about the dead zone and fisheries impacts. The
next speaker will also address fisheries impacts, and we’ll end with a
speaker who can give us a perspective on dead zones outside Louisiana.

NANCY RABALAIS: Welcome to the session on hypoxia in the Gulf
of Mexico. What I will do 1s explain what hypoxia 1s, what causes 1t, and
some of the implications for fisheries resources. Hypoxia is defined
gencrally as low oxygen. The specific level we use to define it 1s
anything less than two mg/l or ppm. The zone of hypoxia in the Gulf of
Mexico 1s shown on this graph for mid-summer of 1993, ‘94, and "95.
You can see that it extends from the Mississippi delta westward towards
the Texas coast. In 1993, it extended a little into the Texas coast. It runs
from very near shore to sixty kilometers off the coast, depending on the
location along the coast. It is found in very shallow waters nght near the
beach out to about sixty meters. Its usual depth is between five and
thirty meters. It i1s primanly a summer occurrence. It occurs most
severely and is most wide-spread in June, July, and August, but it has
been known to occur as early as February and as late as October. The
1996 data are not shown here, but the size was almost the same as 1993.
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232 SUSTAINABLE FISHERIES FOR THE 218T CENTURY?

The 1997 zone was somewhat smaller, 15,840 squarc kilometers. We
had a hurricanc spawn in the middle of our study area and move
throughout the southeastern coast in 1997, and that may have influenced
the smaller size. The size of the zone doubled 1n 1993 from the average
of the previous eight ycars. There was a record high flow for the
Mississippi River in 1993, which delivered additional nutrients to the
system throughout the spring and into the summer when the flow is
usually low.

| These figures show the distribution for 1985, 1986, 1987,
partially in 1989 and 1990, when the zone was smaller. But, the pattern
is consistent with down—plume or down—current effects of the
Mississippi River delta and the Atchafalaya River delta. The niver is
important in the development and maintenance of hypoxia. The reason
that we define hvpoxia at two mg/l for our studies is that trawl data show
that if the value falls below two mg/l, you normally don’t catch any
shrimp in trawls, and thc same is true for finfish. Otherwise, there 1s
quite a bit of variability 1n the catch data.

What causes hypoxia? This (slide) shows a cross-section of the
water column of the southcastem coast and illustrates a typical
summertime situation. The cross-section illustrates near-shore to off-
shore, to about 30 meters water depth. The lower salinity waters arc on
the surface, the fresh water being delivered from the Mississippr and
Atchafalaya Rivers. The higher salinity Gulf waters, 35 parts per
thousand. are on the bottom. In summer, the winds are less, there 1s less
mixing of the water column, and the water column is more stable. The
result is a two layer water system that is maintained for long pcriods.
The two layer system is present for most of the year because the
Mississippi delivers so much fresh water. Hurricanes and cold fronts can
break down the water column, mix up the two layer water system and
alleviate the low oxygen problem. Also, the niverine fresh water delivers
nutrients, nitrogen, phosphorus and silicate, which are very important
and support the phytoplankton productivity and eventually the fishernes.
When you have an overload of organic material, the cells either sink
dircctly to the bottom or are eaten by plankton and incorporated in the
fecal pellets, and the fecal pellets settle to the bottom. About half the
‘material produced on the surface of the water gets to the bottom.
Bacteria decompose the carbon and use up oxygen in the process of
decomposition. Oxygen is utilized at a much faster rate than it can be
resupplied from the surface, especially when the density gradient i1s
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present. The result 1s arcas at the bottom that are much less than two
mg/l of oxvgen, less than one sometimes, and very often anoxic. Hyvpoxia
1S not just at thc bottom. It rcaches well into the water column, and 1n
reccent vears it reached within two to three meters of the surface.

If vou stack these cross-sections up through time. vou can see the
temporal and spatial vanability of hypoxta in 1992 and 1993  Hypoxia
comes and gocs 1n the spring. Once 1t sets up, 1t 1s extensive,
widespread, and severe over large areas of the continental shelf. Thus,
hypoxia 1s not just a mid-summer phecnomenon, as is demonstrated by
our shelf-wide maps. We scc hvpoxia over extended periods. in
extensive areas.,

The Mississippi River 1s a major plaver, as 1 mentioned, in both
the physics and the biology of the svstem. Most of the fresh water that 1s
delivered from the Mississippt flows west  The Atchafalava captures
one-third of the flow of the Mississippi. and most of that also flows west.
Peak discharge 1s 1n the spring, and most of the nutnients are discharged
then. Most of the primary production that fuels hyvpoxia occurs in the
spring, so what happens to the river in the spring, in terms of the nutrient
discharge, 1s very important to the development and continuation of
hypoxia into the summertime.

What has happencd to hypoxia over the vears? First, the
Mississippt River quality has changed considerably. What has not
changed 1s thc amount of water delivered by the Mississippr River.
There has been a slight increase in discharge over recent decades, but it
1s not that much. What has happened is that the niver’s nitrogen and
phosphate loads have doubled, and the silicate has been cut in half We
now have a peak in nitratc concentration during the spring that did not
occur historically. We have more nitrate than we had historicallv—and
cven more during the spring, when the production 1n surface waters 1s
very important. These changes are all closclv related to the amount of
nitrogen and phosphorus fertilizer applied 1n the watershed.

What has happened 1n response 1s that the continental shelf
ecosvstem has changed over the same time period. People alwavs ask
how long has hypoxia been around. Historical data do not go back far
enough for us to sav whether 1t has alwavs been around. There are data
from the early 1970s that shows that it occurred then. Our svstematic
survevs began tn 1983, Since actual raw data do not exist, we have had
to look to thc scdiments to determine how the svstem has actuallv
changed. These sediments tell us that, ves, the ecosyvstem has changed.
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There are indicators that surface water production has increased. and
morc carbon 1s getting to the bottom. There are also other indicators that

oxygen stress 1s worse that it has been historically. Those changes arc

consistent with changes in nutrient flows to the river, which are
consistent with changes in land-use practices in the watershed.

These (slides) are U S. Geological Survey data that show that
most of the nitrogen influx that enters the river is from thc upper
Mississippi River system. Most of the influx is the result of agricultural
activities; a small amount is from atmospheric deposition and municipal
waste. The distribution of fertilizer applications in the watershed shows
where some of the arcas of concern are Why is this an issue in a
conferencc on the Magnuson-Stevens Act? Well, hypoxia, because of its
size, duration, and severity, does have the potential to affect fisheries.
Fish can be killed directly or they can be forced out of their habitats. The
amount of suitable habitats can be reduced considerably in size. When
they are forced out, they can be preyed upon more easily. There is a
consistent pattern of what happens when the oxygen drops from two
down to zero. First of all, we very scldom see dead fish on the bottom.
When vou see dead fish on the bottom, 1t’s the result of a low OXygen
mass being forced onto shore. trapping the fish and killing them. This
happens rarely, but it does occur and massive kills result when it does.
When the oxygen level starts to fall below two, those organisms that
normally can swim start to dic off Below 1.5, those larger organisms
that are not as motile, succumb to the low oxygen level and are killed.
Below about one, the benthos. or the organisms that live in the sediment.
start to show stress. This slide shows brittle starfish and anemones that
have come out of the sediments. ' This is not typical; normally they are
buried in the sediment. This also shows that larger predators arc not
feeding in these areas; otherwise thesc organisms would not be there
Eventually, betwcen one and 0.5, the organisms that normally live in the
sediments come up and lie on the surface of the sediments. When the
oxygen level in the sediments becomes low enough, organisms that live
in the sediments die off. There is a farrly linear decline in the number of
species, individuals, and biomass. When you get fairly close to zero,
there 1s a massive amount of sultur-oxidizing bacteria that carpets the
bottom of the seabed. |

What all this means to fisheries is not vet clear.  As nutrients
increase. fisheries vield increases. But, at the point where there is
seasonal hypoxia. which has happened in the Gulf of Mexico, or
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| ' ity begin to
ermanent, bottom-water anoxia, certain parts of the commpnlt}nz fne ©
geclinc in abundance. Where we arc in the_hGulf {;:ii('i Ntlflmzoéarts one e
ym other arcas of the world, thes |
sure. Based on results from o . *_ o 0
graph (declines) arc why I think we should be pawving attentio

hypoxia.

r . Qur next speaker 1s Roger
LIE WALKER: Thank you Nanc} ris
giiil:?man Today he is going to talk more about tl;ch?sherle;i;fg?;
| # 1S direc f the Nationai Marnne
» dead zone. Roger is director of the Nat _ .
(S}i:xlflize Eaboratow in Galveston. He specmh;cs In marin¢ and ﬁ;;lzugm:z
ecologv. He has a Bachelors and Masters in zoology and a Ph.D.

Marinc sciences.

ROGER ZIMMERMAN: There is good e_vidcnce that h}poﬁia_in
the Gulf of Mexico has affected commercial shrimp and finfish fisheries

of Louisiana. Also, as Nancy Rabalais pointed out, tlllere dlsbg;?}clli ;e:}?
to believe that hyvpoxia has affected other demersg ar:s o e
fishery species as well. The concem forﬁﬁsherles e Mistreing
conditions in recent vears have expanded d_mw. nstream o the Miss PP
River outlet in area, frequency, anc;l duration. MomtoThgt o -
and associates at LUMCON sufficiently dcmonst‘rates aersigte;]t oxie
zone now occupics a larger arca, lasts longer, and 1s more p

! ast. o | ,
e In 1996 the extent of the zone was historically larger than ecver

before. In perspective, its size of seven thousind squire én;les duMﬂ;i
| | | f Chesapeake Bay.
06 was larger than the entire area o , VaC
;iggnifl;antlv h%,rpoxia on the Louisiana shelf has rough}l} dmfble?hlen ;laz;i
) sq | bout 7.000 square mil¢s over _
from 3,500 square miles to a L | e 3.500 s
| - | ’ ained under 3. q
~ During the 1980s. the zone's area rem unde ’
?rfi‘;:j 6 But dﬁring the 1990s, the zone increased In sxze,dultfhthz
remat:kablv significant rise during 1993, after record-—setj:mgh floo s;n t:; ey
Mississipﬁi River. Since then, the area of hypoxia asl ;;3 e
similarly large, leading to speculation that latent effects qf the o0
continué to maintain the zonc’s size 1nto 1997,_ A pemner;t cf;cues o
how disruptive has this enlarged, prolonged environmental feature

ndscape become. | | -
shell 8 "f'he ljt's‘vo most important commercial shrimp species 1n

| n o
Louisiana, the brown shrimp, Penageus aziecus, an.d the }xhlte S]:}I"ll t}i-_,
Penaeus ;erijferzf.e_ have life cvcles that overlap in habitats wi
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Ev - -
. offs]1oreen= morc_fapparcnt Is_thc lack of shrimp catch bevond the zon
to hypoxi waters where sufficient oxygen exists. This appears to be d ;
bloc'kiedxﬁ Ibll;)ckm_g the ::}f”fshore_ migration of shrimp. When shrimc al;:
catchos Gf‘}sh }PO;H_ from moving ofishore, the rcsult is cven lf)wer
Converselv C;II_'E t‘.'*'ﬁf"ld h}poxla than within the hvpoxic zonc itself
V, since migration offshore is restricted '
concentrati . ‘ _ estricted, the nearsh

I?Sftgz::i Shrml:p remarn high and catches are consistently largg )

indicates that h%p(;l:fi:at is PrfSGIHCG of some catch within the hypoxic aréa
ypo: not atwavs present. that it veal
atte ot <o ' ’ 1t 18 ephemeral.
Eigh T;l;tzi‘lce :H:;ular }'; car-aftcr-year, and thev are expcected effects ij;h{(:gi():
carshorc, (2) reduced catch | A
h Do f catch 1n the area impac
n;a‘feml)z;tgndﬂ(li’f) HE absence of catch beyond the hypoxic Z(‘i}nc thI tbﬁ}’
Vv that the scalc of catch i T | S
s orders of '
nearshore + magnitude higher
effort directt}*lc ilnt thT}'lShore, The higher catch also coincides with higher
ovel of <61 o the nearshore fishery. As in other arcas of the Gulf th
ool o Orlt-. IS stlmula'ted by shrimp abundance. This unusuallv h1 1(1:
VA nf‘:l?'rs ore effort justifies vigilance against overfishing, es ;:cialgl ‘
evidence“ fltc shrimp stocks, which spawn nearshore.  In sum I:he M
shomios Enagl :fi)ct ffl h}-]?cla:;la on fisheries and in particular for shll:fml;
astal shelt of Louisiana. It i '

- . | . 1s cvident th '
ap:g;ldla;lons redistribute relative to hypoxic conditions. In ta:-ltt s}l:r;mp
leCked}pij[uc waters and, as a result, their migration offshcﬁ'e l;ass {31:;5
the e‘{tCI.]t Gforem‘cr, Fhat large part of the shelf impacted by hypoxia to
o fe;edin tausing mfau‘nal mortalities is removed or at least moddiﬁ d
i gr gmgnds for shrlmp. Even when shrimp move back onto th ,,e
wmmf nguI;I S _after cessation of hypoxia, the community of ann f-ﬁ;
this e d?lzti:t er infaunal prey for shrimp is gone or reduced. No dosblt
Annual Shrinr*;pmcptmﬁr canffaifect productivity of the shrimp Population?

atches oft Louisiana vary signi '
com e o v sigmficantly and a
effeLE[:neAn}t ;}f d-:;u Euard vanability may be due to largc-scale th;e;St <
e ough the question is open on th . OX1C
. : € cxtent to w . *
s due to hypoxia, reasonable concern is not © which the decline

NATHALIE : |
a perspective fﬁf},ﬁ . Th%nk you Roger. Now we are going to hear
Lovisiana. His mo ?OHIE who knows about a hypoxic area other than
ennfironméntal SCI t";J i Mountfgr'd and he serves as the scnior
Chesapeake Bav tf;lSth at the US _En'*’lmnmental Protection Agency
1984 Fo holde s M nch office. He_’s been there since its Inception n;

5 a viasters and Ph.D. in estuarine ecologv and has been in

marine sciences for 33 vears.
Chesapcake Bay arca for 26 of those 33 vears.

square miles.
is the largest cstuary on this contment.

long, some thousands
in comparison to its proportions.
about this time of ycar 27 ycars ago.
lake. it stratificd each summer with warm, fresh water accumulating over
the decp cooler bottom layer about

as a “pycnocline.” Below this,
accumulating organics sap much (if not all) of the oxvgen. and. with no

oxygen, all the higher life forms at least are extinguished. Through each
summer. until autumn storms and falling tempcratures break the cvcie, its
like a wave tank: the pvenocline can “rock” 1n response to weather
events. In some cascs. it rocks and sloshes low-oxygen water up on the
shallows of Chesapeake Bay, affecting the organisms living on the
bottom near the shore linc. When that happens, you have “jubilees in
which any creature that can move 1s trving to get out of the water and

away from the low oxygen.
wed it to be
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He has lived and worked 1n the

KENT MOUNTFORD: The Chesapeake Basin covers some 64.000

It stretches from New York to the North Carolina ine It
Its a couple of hundred mules

of squarc kilometers in area and rclativelv shallow
[ started working in the Chesapeake

" [ was amazed to find that, like a big

Mav. This discontinuity we describe
as Nancv pointed out in the Guif.

Later work in this annually occurring dead zone allo

mecasured and quantified. It has been tracked now for a couple of
decades. We compute the volume of it from year to year and find that 1ts

about ten percent of the cstuary volumc.
stratification of the pycnocline, about 30-40% of the Bav becomes

uninhabitable for most life forms. So, it's a significant loss of habtat,

live organisms, and thereforc food supply in the estuarv. The zone below
low-oxvgen water also becomes a chemical reactor, which makes 1t kind

of a self-sustaining problem.

But bclow that density

The root capability for this kind of thingr goes back to the end of

the Pleistocene era. The Bav was created by the flooding of the deep
gorge that our Susquehanna River sawed int

o the coastal plain during our

last Ice Age, which glaciologists call the Wisconsin Glaciation. This sct

our current Chesapeake Bayv up with a deep axial channel from 90-174

rose and inundated coastal vallevs. It used to be a

feet deep as sca level
mine sav that. after

coastal plain habitat. Some paleontologist friends of
the Pleistocene, there werc some periods of relativelyv severe ecological

conditions caused by flows of unusual magnitudc. organic materials from
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forest fires. Such events arc believed to have created hypoxic zones in
that distant past. But my friends also say that in the period before and
atter European contact, say since the 1500s and 1600s, any prolonged

anoXic event was unusual. It was not the norm. The frequency of these

events, and their duration from the warm months sometimes well into
October (as in the Gulf) are modern phenomena. They were just not
experienced during the early vears of colonization.

My agency, the EPA, funded research during the late 1970s and
earlv 80s which indicated that hypoxia and anoxia had greatly increased
during the last half century. The eventual linking of this information
with data about nutrient enrichment from the watershed really “created”
the Chesapeake Bay program.

The root cause of this problem, surprisingly, goes back to

colonial agriculture and to Thomas Jefferson. Tom invented the

moldboard plow. It turned over the soil rather than just tilling i,
exposing the sod to erosive forces rather than just breaking the ground
for planting. The result was a signal of soil erosion which appeared in
the core samples taken deep 1n the sediments of the Bay, beginning about
the middle of the 18" Century—about the time Tom and his plow got
going, and erosion was immense thercafter. Add to this the first
importation of fertilizers, which occurred about 1825-35 in the
Chesapeake and, later, an exponential growth in chemical fertilizers,
made possible by the conversion of WWII manufacturing capacity into
agricultural capacity for the “green revolution”—and you scc the
problem. |

This made the Bay not only a lot greener itself, but accelerated
the depletion of oxygen as dying plankton fell to the Bay floor and
decomposed.  Agriculture does not bear the cross alone because,
simultaneous with these trends, there was a tremendous exploston of
conventional manufacturing, extractive industries, and the continuing
post-WWII and Korecan War population influx into the basin with its
immense sewage discharges, loss of forest cover, increasing impervious
surfaces and, of course, the still-swelling flood of vehicular traffic. Qur
Director, Bill Matuszeski says, “It’s not people that are the problem, it’s
the lifestyles.” People arc not going to adopt seventeenth century
Iifestyles to reduce the environmental impact.

The problem, of course, is not just our activitics themselves, but
the nutrients that are released around the basin, nitrogen in particular.
Generally, 1n estuarics, nitrogen is exhausted when plankton growth
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starts peaking out and the plankton die: their celluar remalins sink to the
bottom. and their decomposition soaks up all the available oxygen.
Water with no oxvgen bathing the decp scdiments lbc:::‘omcs a ch_emlcal
reactor, turning gray mud into a “black mayonnaisc from w}_nch re-
mineralized nitrogen and phosphorus pour back out as dissolved
nutrients into the water column and become “food” for the next
gencration of plankton “blooms.”™ lts a sclf—sustainir_lg wheel of life
running on recycled nutrients that spins out of proportion to the annual
load of fertilizers that arc coming into the system from its rivers.

Why bother to clean it up?  After all. might' not the
remineralization keep the system repeating itself for decades without anyv
new contamination? Well, this isn’t really likely. Researchers have
projceted that, if vou get the bottom-di.ssolvcd oOXVvgen up ;bout onc or
two mg, vou break the cyvcle of nutrient ﬂgx w_.rherc remlncrallzatlon
sccurs from the sediments. If vou limit fertilization of plankton growth
to that from nutricnts arriving from the rivers, vou will, thereafter pretty
much rcap what vou sow. | -

Based on this premise, we went through a process of setting
goals for dissolved oxygen. Onc coal is that we should not be below one
mg/] at any time anywhere, and not below three mg/l for more than 12
hours in any 48-hour period. The monthly mean 1n the surface of Fhe
waters of the bav should also be five mg/l or greater, and any spawning
arca should ahv:;;}fs be above five mg/l. After studving the models, and
ruminating on the political c&nsidcrationg, our Chesapeakc' B.:T:l}’ partner
program people (the jurisdiction surrounding the Bay commission. ‘:l'thh
is the tri-state legislative commission, and the District of Co]umbia_) all
signed an agreement in 1987 to reduce controllable nutrient foads bv
40% by the vear 2000. This seemed far away. lots of time 10 reach the
goal. 'Pcoplic congratulated themselves, patted cach other on the back
and didn’t do a whole lot. Thev are biting the builet now. i

The models project that when you achicve the goal of 40%
reduction, vou should get a change 1n bottom-dismlved OXYgen
signiﬁcaﬁt énough to make mcaningful imprpvemen_ts n Ba}' habitat.
The implication is that abundant estuarine living resources will follow.
We've made progress toward that goal. |

With respect to phosphorus, we pretty much h'ave the brass ring
within reach. Nitrogen is a stickier case. It looks as if thgre could be a
shortfall of 16 million pounds in the needed reduction of nitrogen for us
to reach the 70 million pounds reduction goal. This is not all bad news
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= -r

We've achieved some massive reductions against an increasing tide of 'f encourage the come back of this submerged aquatic vegetation, ‘ﬂ-’hlchlhlt
development in the basin.  One of the problems of meeting the f a low during the 1980s. This is a bumpy road. but one worth travelmg
phosphorus goal but not the nitrogen is that, when vou turn off the because it appears to be a real link between water quality, dissolved
phosphorus, you tend to spill over excess nitrogen into the lower part of ; oxvgen, and living resources.

the system, where it can contribute to more algae growth. So vou may
achteve nutrient reduction upstream but get nutrient increases
downstream. It 1s a tricky problem.

A whole slew of gap closures are under consideration, including
efforts to recruit more agriculture volunteers to help with nutrient
management programs, integrated pest management, and various manure
management schemes designed to prevent nutricnts from leaching into
groundwater and percolating toward the Bay. This groundwater issue is
complex, and there 1s evidence that fertilizers applied during WWII are
Just now reaching tributary water courses. Because of slow groundwater
travel times, managers worry that good work done today may not
produce substantial effects for a long time. Some considerable focus is
being placed on sewage treatment plants, which are quicker fixes, though
the retrofit of biological nutrient reduction technology, while effective, is
not cheap. We pay for our past excesses.

A case in point: Because of a law suit against three Maryland
counties and against my agency, EPA, we started working vears ago to
clean up the Patuxent River (the Chesapcake’s sixth largest river) and got
a jump start on both point and non-point discharge reductions. As of
last vear there was a relative reduction of 55-60% from the 1980s. in
both nitrogen and phosphorus. As we reduced thesc levels over the last
few years, the river has visibly begun to respond with higher oxygen
levels, first upstream then downstream. 1 live in this watershed, and I am
a voluntcer water quality monitor in a program run by the Alliance for
Chesapeake Bay. - Among other things, I look at bottom-dissolved
oxygen data every weck or so, and I can report that the levels are better
than 1n the 1970s, before the nutrient level peaked. So, I think these
reductions are working. I was quite surprised to see this response, and
I’'m quite surprised to see it so soon. We’ll see what happens over the
next few years, Bay-wide. We’ve also had extremely high river flows
three out of the last four vears, and this of course increascs the nutrient
tlows. About five vears ago, we adopted public environmental indicators
for the Bay. One of those indicators tracks the acreage of Bay grasses,
which are one the Bay’s most important habitats. The hope is that, Bay-
wide, the increasing water transparency and the lower nutrient levels will



